INTRODUCTION
The suprascapular notch (SSN) is located on the lateral part of the superior margin of the scapula and medial to the coracoid process. The superior transverse scapular ligament (STSL) transforms this notch to a foramen [37] . The suprascapular nerve (SN) and vein pass through the foramen below this ligament [28] . Fibers from the roots of C5 and C6 and occasionally C4 combine to form the SN [50] . The size and shape of the SSN can cause SN entrapment [11] . The entrapment of the SN may be due to the congenital abnormalities of the upper margin of the scapula, fractures of the scapula, ganglion cysts or tumours, stretching of the nerve, anomalously formed suprascapular ligaments and an ossified suprascapular ligament [3, 13] .
The scapular notch is changed into a bony foramen by ossification of the suprascapular ligament and this may result in SN entrapment [34, 36, 46] . The SN is usually compressed mainly at the level of SSN or the base of scapular spine [27] . The variations of SSN and STSL are predisposing factors to SN entrapment [35] .
Kopell and Thompson [24] are the first investigators that described this disorder. The SN entrapment causes severe shoulder pain and disability. The shoulder pain is increased by the adduction of the extended arm due to streching of the nerve [15] . The radiation of pain through the arm, restriction of the shoulder movements such as abduction and external rotation, atrophy of the supraspinatus muscle may be observed [9] .
The SN entrapment can lead to atrophy in the supraspinatus and infraspinatus muscles and fracture of collum scapula [15] . The sporting activities such as gymnastics, tennis, weightlifting, boxing and baseball pitching can compress the SN [36] . It is hypothesized that repetitive overhead motion or trauma leads to ossification of the ligament [50] . The athletes repeating forceful shoulder movements [21] or carrying heavy objects on a regular basis [20] are the population at risk for SN entrapment. The frequency of SN neuropathy was 33% amoung high-performance volleyball players [16] .
The anatomical variations such as the aberrant course of the suprascapular artery (SSA) through the SSN [49] or the presence of a hypertrophied subscapularis muscle [5] are evaluated as a risk factor for SN entrapment [54] . SSN with an anomalous STSL is most observed predisposing factor for compression at the SSN, which have been demonstrated both in anatomy dissection and clinical settings [6, 9, 47] . According to the previous investigations, STSL was partially or completely ossified, and the incidence of partial and complete ossification of STSL were reported as 18% and 5%, respectively [47] . Furthermore, the incidence of partial ossification of STSL was also noted as 3.7-4% by Hrdlicka et al. [17] and Rengachary et al. [42] . Moriggl declared that the calcified STSL was a sign of entrapment [29] . The present study deals to investigate the incidence of suprascapular foramen in West Anatolian population.
MATERIALS AND METHODS
Eighty-one dried human scapulae of West Anatolian people of unknown ages and gender belonging to the Anatomy Department Laboratory of Dokuz Eylul University Medical School were examined. Official permission for this investigation was obtained from Dokuz Eylul University Medical School. None of the specimens showed the signs of prior surgery or trauma. The analysis and determination of the suprascapular foramen were made by macroscopic observation of the scapulae. The vertical and transverse diameters of the foramens and central thickness of the ossified ligaments were measured with calliper in millimetres and digital calliper (Mitutoyo, Japan), respectively.
RESULTS
In the present study, 57 left and 24 right scapulae were evaluated. We observed foramen scapulae due to ossified suprascapular ligaments only in 2 (2.47%) of 81 scapulae ( (Table 1) .
DISCUSSION
The ossification of the cartilaginous scapula begins in 8 or more centres in intrauterine life, and joining of the various epiphyses of scapula occurs by about 20 years of age [19] .
Many investigators found that the incidence of complete ossification of STSL varied from 3.7% to 13.6% [6, 11, 12, 17, 33, 41-43, 47, 49, 51] . Vallois reported 6.1% bony foramen in Italian scapulae [53] . Polguj et al. [37] found that the rate of bony foramen was 7% in their study. Olivier et al. [33] and Vallois [52] found the incidence of the scapular foramen in France as 5% and 6.5%, respectively. Natsis et al. [32] reported the incidence as 7.3% of 423 scapulae in Germany. In some studies in United States, the incidence of complete ossification of STSL were found 3.7%, 4% and 5%, respectively [11, 12, 43, 47, 49] . There was also only one complete ossification of STSL in Indian scapulae in one study [22] .
Toneva et al. [48] reported that the incidence of the suprascapular foramen in the osteological material collected from medieval necropoles in the territory of North-Eastern Bulgaria (9 th -11 th century AD) was 2.9%.
Bayramoglu et al. [6] investigated calcified STSL in cadavers and found the incidence of suprascapular foramen as 12.5% (4 of 32 scapulae) in Turkey. In West Anatolian population, we found this incidence as 2.47% (2 of 81 scapulae) in the present study. This difference of incidence of scapular foramina in Turkish population may be due to the diverse geographical regions of Turkey in which these investigations were done.
The occurrence of the foramina could be genetically affected [37] . The incidence of complete ossification of the STSL is observed as 0.2% in the Alaskan Eskimo [17] . The variation in these incidences may be due to both genetic and geographical differences existed in ethnic groups. Cohen et al. [9] described that a familial case of calcified STSL; which caused entrapment neuropathy of the SN resulting with pain, weakness and atrophy of the supraspinatus muscle; was affecting a 58-year-old man and his son, which suggested genetic inheritance for the ossification [9] . These differences observed in incidence may also be related to the variation in classification methods of SSNs and genetic inheritance [54] . Ticker et al. [47] classified the SSNs into 2 types and evaluated the degree of ossification of the STSL separately.
There are only 2 case reports which describe double suprascapular foramen in the literature [18, 54] . In 1 study, a unique anatomical variation of the SSN which was converted into a double foramen (inferior and superior) by 2 bony bridges was observed [38] . In the present study we didn't find any double foramen.
The factors that may cause formation of SN entrapment are as follows: shape of the SSN [14, 21] , shape of the STSL [19, 20] , presence of the hypertrophied suprascapular muscle [7] , an entirely ossified STSL [8, 13] or presence of a spinoglenoidal ligament [17] . In aetiology of the SN entrapment, less attention has been paid to the topography of the complete suprascapular triad: the nerve, artery and vein [39] . The SSA which supplies the supraspinatus muscle enters the supraspinous fossa on the dorsal aspect of the scapula superior to the STSL [26] . Naidoo et al. [31] investigated course of the SSA and found that 20% of the SSAs were located inferior to the STSL. When the route of the SSA passes under the STSL, it may cause SN entrapment [6, 44, 49] . Polguj et al. [39] found that specimens including type III suprascapular triad (the suprascapular vessels and nerve lie beneath the STSL) had smallest mean area of the suprascapular opening, when compared with the others.
Yücesoy et al. [55] observed that the suprascapular artery-vein complex always passed below STSL in a total of 43 from 50 (86%) Turkish volunteers evaluated by colour Doppler ultrasound. This unusual location of the SSA causes SN entrapment due to compression of the SN [1, 8] ; however, the position of the SN is probably the most important factor in formation of the SN entrapment [23, 44] .
The close relation between the SN and vessels around the STSL is important to surgical dissection of this region. While surgeons that encounter the bleeding from these vessels during the resection of STSL are controlling haemorrhage, they should be aware of not causing damage to the SN [40] .
Moriggl et al. [30] showed that the progression of endochondral ossification caused the bony spur at the superior edge of the SSN. Long-term ossification around the notch, which was caused by aging and mechanical loading, might have resulted in shortening of the STSL [45] .
Avery et al. [2] discovered that the anterior coracoscapular ligament (ACSL) might have been supposed as a new possible mechanism for the formation of this anatomical variation. Polguj et al. [38] observed the presence of the ACSL as 60% of 54 dissected shoulders, and they found that the SN always has been passing under the ACSL; therefore, it has been in close contact to the bony floor of the SSN [38] . Bayramoglu et al. [6] stated ACSL as an additional aetiological factor of the SN entrapment, and they supposed that SSN was suitable only for crossing of the SN; the notch became narrow for SN whether the SSA accompanied this nerve through the notch [6] .
Wang et al. [54] found that the incisura scapulae had rough surfaces where the SN was vulnerable to frictional insults during back and forward movements of the shoulder. The thickness of SSN is always ignored but it actually varies. They found that thickness of SSN was ranging from 0.55 to 3.00 mm at 1 mm below the lowest point, and the thinner border was very sharp which may be the reason of the injury to the nerve as a result of repeating shoulder movements. The long bony canal and narrow SSN area increase the SN entrapment. The distances between the SSN and bony landmarks are important for preventing the neurovascular injury during surgical procedures [54] .
There was no correlation between the notch type and the injury frequency although the differences of morphology were found in the notch [11, 46] . The incidence of the SN entrapment has been found higher in Brazilians, and the incidence of foraminae was found higher on right sides of male cadavers than left side (p < 0.05) [46] . Tubbs et al. [50] concluded that higher rate of suprascapular foramina on right scapulae may be related to the right-hand dominance in general population. We found that 2 (1 right and 1 left scapula) of 81 scapulae had foramina.
Early diagnosis of the SN entrapment causing muscular atrophy is difficult before the occurrence of complaints such as deeply and poorly localised pain [10] . The treatment of the SN compression starts with physical therapy for strengthening the rotator cuff muscles [50] . The nerve blockage by a local anesthetic can relief the pain only for a short time and simultaneously provide diagnosis.The surgical treatment is used in case of constant pain and pathological changes in electromyography patterns [15] . Delayed conduction along the SN may be demonstrated by electromyographic tests [9] . It can be treated by surgical removal of the ossified transverse scapular ligament [15] .
Gosk et al. [13] claimed that surgical outcomes depended on the length of time between onset of symptom and surgery itself, and pathology underlying the nerve compression. The surgical treatment of SN entrapment with arthroscopic decompression needs detailed anatomical information of the suprascapular region [4, 7, 14, 25] .
CONCLUSIONS
The ossified suprascapular ligament narrows the suprascapular foramen [39] ; therefore, it causes compression of SN and complaints of SN entrapment. It is essential to define precisely the anatomical variations of scapular notch, scapular ligament, SN and vessels for surgeons performing SN decompression surgery, especially with arthroscopic techniques. We assume that the present study may guide the medical doctors and the surgeons during diagnostic and surgical procedures related with SSN.
